Summary.-The average annual age-adjusted incidence rates of cancer for 15 sites were determined for 10 ethnic-sex groups in Hawaii. Consumption rates for cigarettes, beer, wine and hard liquor were also determined for the same 10 groups based on personal interview of a sample of 9920 individuals. Covariance analysis was used to adjust each exposure variable for the other three, and the cancer incidence rates were then linearly regressed on these covariance-adjusted consumption rates. Statistically significant regression coefficients were found for cancer of the tongue/ mouth, pharynx, larynx, pancreas, lung, kidney and bladder regressed on cigarette consumption. Eight cancer sites, including tongue/mouth, pharynx, larynx, oesophagus, stomach, pancreas, lung and kidney, had significant positive regression coefficients for beer consumption which could not be explained by outlying values on the scattergram. Significant associations were also suggested between wine consumption and pharyngeal cancer and between hard-liquor consumption and pharyngeal, laryngeal and possibly brain cancer. No association was found between beer consumption and colorectal cancer. Multiple regression analysis with sex, cigarettes and alcoholic beverage as independent variables consistently found sex to be least important in determining cancer risk. This study supports the hypothesis that beer consumption may play a role in cancer risk for several sites. It is suggested that future studies of alcoholic beverages and cancer should examine not only types of alcoholic beverages, but individual brands of each type in an attempt to identify cancer risk due to carcinogens in only certain brands.
THE PAST DECADE has seen an accelerating interest in the relationship of environmental factors to cancer risk. Correlation analyses, using both cancer incidence and mortality rates and various measures of environmental exposure among populations, have been useful in suggesting hypotheses to be tested by case-control and cohort studies. These correlation studies have been based on both international (Stocks, 1970;  Armstrong & Doll, 1975; Schrauzer, 1976) and national (Breslow & Enstrom, 1974; Meyer, 1977; Kono & Ikeda, 1979) data.
The authors of such studies readily admit the many caveats in interpreting their results. Those investigations using data from several countries have the problem of non-uniformity in data collection with regard both to cancer cases and environmental exposures, and even when a correlation study is limited to a single country, where mortality rates are determined in a reasonably uniform fashion, cancer incidence rates are seldom available for all the geographic areas of the country. Although mortality rates are excellent approximations of incidence rates for cancers which are rapidly fatal, such as lung cancer, incidence rates are preferable as a measure of population risk for cancers with a significantly prolonged survival rate, such as bladder cancer. Furthermore, in most correlation studies, exposure data for environmental factors such as tobacco and alcohol are usually limited to information from tax or other records indicating the purchase or disappearance of commodities within the retail system of a governmental area. Such methods, as has been pointed out by Breslow & Enstrom (1974) do not account for transport across the governmental boundaries after retail sale, nor home production, nor waste.
The present study is based on data that avoid the problems of correlation studies mentioned above. We used cancer incidence data collected in a uniform manner from the total population of a single state, and estimates of tobacco and alcohol consumption based on personal interviews of a representative sample of the same population. This study also differs from most previous ones in comparing several welldefined subgroups of the population of a single geographic area rather than populations defined by residence in a variety of geographic areas.
METHODS
Cancer incidence rates for the multiethnic population of Hawaii have been generated since 1960 from data collected by the statewide Hawaii Tumor Registry (Rellahan et al., 1975) . This tumour registry has, since 1973, been a member of the SEER (Surveillance, Epidemiology and End Results) Groups of the National Cancer Institute. Records are abstracted for all outpatient and inpatient cases seen at all hospitals, and other inpatient facilities in the State, and cancer site, sex, age and race of the patient are coded along with other variables. About 94% of cases are histologically confirmed and less than 1% of cases are identified solely from death certificates. The following sites were included in this study (World Health Organization, 1976 (ICDO 191 and 192), and leukaemia In the preliminary analysis, the ageadjusted cancer incidence rates for each site were linearly regressed on the age-adjusted alcohol and cigarette consumption rates for the 10 ethnic-sex groups. Both cancer incidence rates and consumption rates were limited to the aged 40-and-over population. Since the consumption variables are highly intercorrelated (Table I ) comparing means of a given variable among the 10 ethnic-sex groups can be confounded by the remaining variables. Therefore, an adjustment procedure was essential to eliminate this effect. Statistical adjustment was carried out by multiple covariance analysis, using the individual consumption data based on the 9920 persons interviewed. The mean consumption of a given exposure variable for each of the 10 ethnic-sex groups was thus determined after adjustment for the remaining exposure variables. For example, the mean cigarette consumption level for each of the 10 groups was determined after adjustment for beer, wine and hard liquor consumption as well as for age. Next, the age-adjusted cancer incidence rates were linearly regressed on the covariance-adjusted alcohol-and cigaretteconsumption rates, and those regression coefficients which were statistically different from zero at the 5% probabilitv level were noted.
The above analyses assume that males and females are at equal risk of cancer in relation to exposure to a given level of cigarette or alcoholic beverage consumption. However, since sex is classically a controlled variable in epidemiological studies, we also carried out multiple regression analyses with both sex and cigarette or alcohol consumption as independent variables. This allowed us to determine whether controlling for sex markedly changed the magnitude of the regression coefficients for the cigarette and alcohol exposure variables. Table I shows the very strong intercorrelation between use of cigarettes and certain alcoholic beverages among the 10 ethnic-sex groups. the 10 ethnic-sex groups. For most cancer sites, the period covered is 1972-76, but for cancers of low frequency the period is expanded to in order to give more stability to the rates. The variation in cancer incidence between the ethnic-sex groups is quite obvious. It is also noteworthy that within a given ethnic group the incidence rate for females is almost always lower than that for males. However, with only 2 cancer-site exceptions (oesophagus and bladder) the female incidence rate for at least one ethnic group is higher than the male rate for one or more of the other 4 groups.
RESULTS
The covariance adjustment changed the mean population exposure level, which varied with ethnic-sex group. For instance, covariance adjustment of the mean pack-years of cigarette smoking for consumption of beer, wine and liquor as well as age, decreased pack-years for male Caucasians from 24'4 to 22-6, but increased that for female Japanese from 3-7 to 4-9. A comparison of the regression coefficients for the exposure variables before and after covariance adjustment revealed loss of statistical significance (P > 0 05) for only 2 as a result of covariance adjustment: wine consumption as related to bladder cancer and hard-liquor consumption as related to kidney cancer. Table III , therefore, presents only the regression of cancer incidence rates on the covariance-adjusted consumption variables.
Many regression coefficients were statistically significant, particularly those for as an independent variable. Since the number of data-points is so limited, statistical significance has little meaning here, but it is possible to compare the partial regression coefficients for cigarette and alcohol exposure variables with those in Table III to see whether the inclusion of sex as an independent variable caused substantial change. As can be seen, the regression coefficients remained largely unchanged, with certain exceptions. There was a substantial reduction in both the regression coefficient and r2 for cigarette use as associated with pancreatic and lung cancer. Also the r2 for beer consumption as associated with cancer of the pharynx, larynx, and kidney was markedly reduced although the regression coefficient changed little.
In an epidemiological sense, the strength of an association between an exposure variable and disease is best expressed by comparing the incidence rate of the disease among populations with different exposure levels. Using the linear-regression equations derived with 10 ethnic-sex groups, we determined the cancer incidence rates predicted in a population aged 40 and over when the mean population exposure level for cigarettes and beer was varied. In Table V , we find that more than a 100% increase in incidence of cancer of the pharynx, larynx, lung (epidermoid plus small-cell histology) and bladder was predicted when the mean population exposure was doubled from 10 to 20 packyears. Smaller increases were predicted for tongue/mouth, pancreas and kidney cancer.
Among the cancer sites showing significant regression coefficients for beer consumption, an increase in mean consumption from 15 to 30 ounces per week predicted an increase in incidence of more than 1000% only for cancer of the oesophagus and larynx. Moderate increases were also predicted for cancer of the tongue/mouth and pharynx, and small increases for lung, stomach, pancreas and kidney cancer. Only a 25% increase in the incidence of leukaemia was predicted (Table V) .
For the cancer sites associated with significant regression coefficients for hardliquor consumption, cancer of the pharynx, larynx, bladder and brain were predicted to increase by 104, 96, 74 and 5300 respectively, with a doubling of the mean exposure from 2 to 4 ounces per week.
DISCUSSION
Possible sources of error in the basic data should be considered. There is always some incompleteness of reporting of cancer cases, as well as misclassification, both of (Kolonel et al., 1977) . In any case, the most likely effect of such underreporting would be to decrease the differences in alcohol use between the ethnic-sex groups, which, in turn, would make less likely the discovery of significant associations with cancer incidence.
Although we believe the basic data are good, some problems remain with any attempt to associate population-group incidence rates with mean levels of exposure for those same population groups.
Populations with identical mean levels of exposure may differ substantially in the distribution of exposure levels within those populations. Thus, exposure levels in one population may cluster closely around the mean, whereas in a second population with an identical mean, exposure levels may range from zero to very great. In general, however, this loss of individual information will serve to weaken any real associations between exposure and cancer incidence and not to make associations appear where there are none. For many cancers, it is suspected that several environmental factors are causative. Analyses which examine only one environmental factor at a time will often be biased by confounding factors which may be aetiologically important. In this study, we have attempted to adjust for potential confounding among the various alcoholic beverages and cigarettes, but it is likely that other unconsidered factors, such as diet and occupational exposures, may be operating to influence cancer rates for some sites. Using data now being collected in a detailed dietary survey of
Hawaii's population, we hope to be able to adjust for certain important dietary factors in future analyses.
Our original assumption was that sex per se did not alter an individual's risk for cancer in relation to a given environmental exposure and for the cancer sites examined. When sex was controlled by multiple regression (Table IV) we found only a few substantial changes in the cancer incidence-exposure relationships. This suggests that the same relationships largely hold for both sexes and that our assumption about the lack of a sex effect is valid. It is also worth noting that in the multiple-regression analyses, the standardized partial regression coefficient for sex was consistently smaller than that for either cigarettes or alcoholic beverage, for all associations found statistically significant in Table III . This suggests that sex is less important than exposure to cigarettes or alcoholic beverages in determining cancer risk.
We likewise assumed that racial ancestry per se does not alter an individual's risk of cancer in relation to a given environmental risk. We believe that migrant studies in several populations support this assumption (Haenszel & Kurihara, 1968; Fraumeni & Mason, 1974) . The ability of our cross-ethnic analysis to identify the same cancer sites previously related to cigarette smoking by other investigators also supports our assumption.
Some studies have suggested that tobacco and alcoholic beverages may act synergistically to increase cancer risk (Wynder et al., 1976; Rothman & Keller, 1972) . We looked for evidence of interaction by determining the proportion of each ethnic-sex group which used both cigarettes and beer, cigarettes and wine, and cigarettes and liquor. We then regressed the cancer-incidence rates on these proportions for the 10 ethnic-sex groups and, using the linear-regression equations, predicted the change in cancer incidence with a doubling of the proportion of the population consuming both cigarettes and an alcoholic beverage. In no instance was the predicted increase in cancer incidence greater than found for a doubling of mean population exposure to cigarettes alone.
It is generally accepted that a substantial latent period of 20-30 years exists between exposure to environmental carcinogens and clinical cancer. We have assumed that current consumption rates for an ethnic-sex population reflect the past consumption rates. Only for cigarettes were we able to calculate an index of life-time exposure in terms of pack-years. Our assumption should not cause distortion of exposure-incidence relationships if the relative positions of the 10 ethnicsex groups, in respect of cigarette and alcohol use, have remained stable for the past 20 years. We believe this to be likely, but cannot document it.
The validity of our analysis using 10 ethnic-sex groups seems to be supported by the findings relating cigarette consumption to cancer incidence. Statistically significant regression coefficients were observed only with cancer sites which have previously been associated with cigarette smoking, i.e. tongue/mouth, pharynx, larynx, pancreas, lung, kidney and bladder (U.S. Department of Health, Education and Welfare, 1979) . Also the findings of Table V predict, as would be expected from previous studies (U.S. Dept of Health, Education and Welfare, 1979) , that the incidence rates of cancer of the pharynx, larynx, lung and bladder are more strongly influenced by cigarette consumption than pancreatic-and kidneycancer incidence. The only unexpected finding was the lack of statistical significance when oesophageal cancer was regressed on cigarette use (Doll & Peto, 1976; Wynder & Bross, 1961) . The predicted effect of cigarette consumption on lung-cancer incidence was improved by restriction to only epidermoid and smallcell types (Table V) again as might be expected (Kreyberg, 1962) . The decrease in the regression coefficient with lung cancer when sex was controlled in the multiple regression analysis may be due in part to the relatively high lung-cancer rates which we and others have observed among Chinese women in spite of their low rate of smoking (MacLennan et al., 1977; Chan et al., 1979) .
The positive relationships between beer consumption and cancer of the mouth, pharynx, larynx, and oesophagus have been reported in case-control (Martinez, 1969; Williams & Horm, 1977) and other (Jensen, 1979) studies and so were expected. The positive associations of beer consumption with cancer of the stomach, pancreas, lung and kidney and with leukaemia suggest the need for further study by future case-control and cohort studies. Previous studies of alcohol and stomach cancer have not found a consistent association (Rothman, I 975) although a case-control study in Hawaii did report a small (2.0) but significant relative risk for stomach cancer when beerdrinking was examined among immigrant Japanese (Haenszel et al., 1972) . Two geographic-correlation studies which specifically examined stomach-cancer mortality and beer consumption are inconsistent with each other: Breslow & Enstrom (1974) found a significant positive regression coefficient for beer consumption and stomach cancer among 41 states in the U.S., whilst Kono & Ikeda (1979) found no association among 46 prefectures in Japan. Both studies controlled for urbanity and cigarette smoking. Kono & Ikeda (1979) did find a significant positive correlation for sake consumption and stomach cancer, however.
Cancer of the pancreas has been related to alcohol intake in some case-control studies (Burch & Ansari, 1968; Ishii et al., 1968) but not in others (Wynder et al., 1973) . Neither the correlation study of Breslow & Enstrom (1974) nor that of Kono & Ikeda (1979) found beer consumption significantly correlated to pancreatic-cancer mortality, though Meyer (1977) did. However, Kono & Ikeda (1979) found both sake and hard-liquor consumption to be significant positive correlates of pancreatic cancer, as did Breslow & Enstrom (1974) for hard liquor alone.
The positive relationship of kidney cancer and beer consumption found in our study is not supported by evidence from case-control studies (Wynder et al., 1974) but a similar finding was reported in the correlation study of Breslow & Enstrom (1974) . We found that the relationship was weakened when sex was controlled by multiple regression (Table IV) The positive relationship between beer consumption and leukaemia is of interest, since it was also found in the study of Breslow & Enstrom (1974) . No casecontrol study known to us has examined beer or other alcoholic beverages as a possible aetiological agent for leukaemia in adults, and these findings suggest that it might be useful to do so. However, as was noted previously, the statistical significance of this finding disappeared with elimination of the data-point for Hawaiian males. Breslow & Enstrom (1974) found beer consumption to be positively associated with both colonic and rectal cancer, while Kono & Ikeda (1979) found colonic cancer, but not rectal cancer, to be similarly associated with beer. We found neither of these cancer sites to be associated with beer and in fact, the Hawaiians, who are the largest consumers of beer among the ethnic groups in Hawaii, had the lowest rates of colonic and rectal cancer. Similar negative findings have been reported by Jensen (1979) . Since the large bowel is a site where several dietary factors, in particular meat, fat and fibre may play an important aetiological role (Armstrong & Doll, 1975; Modan et al., 1975) any relationship between beer and large-bowel cancer is very difficult to evaluate without knowledge of the relationship between beer consumption and diet in the populations under study.
It is interesting to consider the positive associations found in this study between beer consumption and cancer of the oesophagus, lung, stomach, pancreas, and kidney in relationship to the findings that many beers contain dimethylnitrosamine (DMN) as a contaminant of the brewing process (Spiegelhalder et al., 1979; Goff & Fine, 1979) . DMN is a carcinogen in animals which has been shown to induce cancer of the lung and kidney in both rats and mice (Zak et al., 1969; Terracini et al., 1966) even when fed in low doses similar to those found in beer (Anderson et al., 1979) . Related N-nitroso compounds have been shown to induce pancreatic cancer (Pour et al., 1977) , oesophageal cancer (Napalkov & Pozharisski, 1969) and stomach cancer (Fujita et al., 1979) in animals. Since ethanol has not been found to be carcinogenic in animal studies, it seems plausible that DMN or other byproducts of the brewing process may be responsible for the associations between beer drinking and cancer. Different brands of beer contain very dissimilar concentrations of DMN, ranging from 68 jug/l to almost none (Spiegelhalder et al., 1979;  93'S Goff & Fine, 1979) . Since epidemiological studies have not attempted to distinguish between different brands, and in the past consumption of different brands of beer was very regional, this could be an explanation for the dissimilar findings on beer consumption and cancer in the literature.
Only pharyngeal cancer remained significantly associated with wine consumption after adjustment for the other exposure variables. The association of wine consumption with this site is not surprising in view of previous reports (Martinez, 1969; Williams & Horm, 1977) .
Liquor consumption remained significantly associated with 4 cancer sites after adjustment for other exposure variables. The association with pharyngeal and laryngeal cancer is again not surprising, since other studies have found this association (Wynder et al., 1976; Williams & Horm, 1977) . However, the association with laryngeal cancer was solely the result of one extreme data-point and so is difficult to interpret. Likewise, although there was significant association between liquor consumption and incidence of bladder cancer, this was totally the result of one outlying data point. Since neither casecontrol nor correlation studies have previously found bladder cancer to be associated with liquor consumption (Wynder & Goldsmith, 1977) this finding is probably spurious.
The positive association between braincancer incidence and liquor consumption was also markedly reduced on eliminating one extreme data-point. This positive relationship could also be dismissed as spurious, if it were not for the results of a recent cohort study of 4401 alcoholic World War II veterans (Robinette et al., 1979) . Although there were only 5 cases of brain cancer in the cohort, this was significantly in excess of the number expected. However, an earlier case-control study of central-nervous-system neoplasma actually found more consumers of alcohol (type unspecified) among the controls than the cases (Choi et al., 1970) .
Clearly further studies on this question are needed.
In summary, the findings of this study are in agreement with the many previously described associations between cigarette smoking and cancer, and in addition, suggest several hypotheses which should be tested by well-designed case-control and cohort studies. Of particular interest was the association of beer consumption with cancer of the oesophagus, stomach, pancreas, lung and kidney. It is suggested that these association could be the result of the contamination of beers with the carcinogen dimethylnitrosamine, and that future epidemiological studies should attempt not only to collect information on consumption of different types of alcoholic beverages, but also to determine the favourite brands consumed and their DMN content. Although all alcoholic beverages contain alcohol, they are otherwise very dissimilar. Thus, it may well be necessary to distinguish between beverages and brands before consistent epidemiological associations will be found.
As previously discussed, there are many difficulties in interpretation of findings from correlation studies using populations as sampling units. Our findings should not be overinterpreted, but construed primarily as hypothesis-generating. In studies of the aetiology of human cancer, only data on exposure and outcome in the same individuals can be strong indications of a causal relationship.
